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(57) ABSTRACT 

A system and method for developing a cost efficient elec- 
tronic power supply system that handles a range of sup- 
ported electronic circuits is provided. The electronic power 
supply system adaptively configures the power applied to 
electronic circuits. Thereby, eliminating redesign of a power 
supply system when a newly developed or different elec- 
tronic circuit is implemented. When an electronic circuit is 
attached to the electronic power supply, a controller con- 
firms electronic circuit presence and queries for electronic 
circuit power on requirements. As more electronic circuits 
are added, the controller examines each electronic circuit 
power on requirements and determines if a power conflict is 
present. If a conflict exists, the controller will not supply 
power to the electronic circuits until the conflict is resolved. 
If a conflict does not exist, the controller powers up the 
present electronic circuits according to desired power on 
requirements by broadcasting commands to power supplies, 
some of which are programmable. 
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INTELLIGENT POWER SUPPLY CONTROL The power system controller manages the electronic 

FOR ELECTRONIC SYSTEMS REQUIRING power supply system. Management of the electronic power 

MULTIPLE VOLTAGES supply system includes methods to ensure the electronic 

circuits operate in a safe and proper fashion, such as 

FIELD OF THE INVENTION 5 electronic circuit presence detection, electronic circuit 

identification, power sequencing and power ramping, con- 

This invention relates generally to a configurable and flict resolution and reset control. Preferably, the electronic 
adaptable power supply for electronic systems requiring * circuit loads are modularized in the form of a circuit board 

multiple voltages and, more particularly, relates to devices or surface-mounted module, plug in module, etc. The mod- 

and methods for powering one or more circuits requiring 1Q ule includes a module connection interface, which can take 

multiple voltages. one of many well-known forms suitable to connect a circuit 

card to a baseboard or mother board. These are all referred 

BACKGROUND OF INVENTION to herein as modules, where each module typically has more 

There exist adjustable controllers for use in power than one voltage requirement, 

supplies, particularly in the field of microprocessors and 15 ^iin power to the electronic power supply system pref- 

digital signal processors pSPs). Companies including Lin- ^ coraes ^ om a ^lativeiy constant voltage source, 

ear Technology, Unitrode, Power Trends, and Cherry Semi- Pow ,^ » ^PP hed l ° power system controller, 

conductor provide controllers which, together with other modulc detectingcircuit, module identification register, and 

components, act as a programmable power supply that can P^ cr "W 1 "*- The Power system controller communicates 

adapt to changing microprocessor voltage requirements. The 20 Wlth each module via a communication-bus. Circuit identi- 

controller is typically a dc<k converter that often includes ficatlon mav be , used }° determine power requirements, or 

a digital to analog converter (DAC). The DAC accepts a mav be bv P assed m * e ^nt tot specific power require- 

voltage identifier (VID), typically a 5-bit digital word, from ment parameters are obtained directly from each electronic 

the microprocessor, and adjusts the output voltage in accor- circuit or module. 

dance with the 5-bit word. Thus, the microprocessor, such as 25 Desired power requirements may mciude one or more of 

Inters Pentium processor, uses a VID to request an optimum the following: voltage control parameters, turn-on sequenc- 

voltage from the controller. m S 00111101 parameters, voltage delta control parameters, and 

. , A , • . r iL time delta control parameters. The voltage control parameter 

Many electronic systems, however, consist of more than . * . , it _ , r , , 4 r . . r 

J * • •* t. t_ indicates the preferred voltage of an electro mc circuit. The 

one component circuit or subsystem that may have chane- . r . . . ° 

r 7 t „ . ' \. ° in turn-on sequencing control parameter indicates the turn-on 

ing power requirements. Furthermore, one or all components « r . , ™ l4 , , 4 , , 

» j w i i. rnt . j* j t, order of each power supply. The voltage delta control 

may demand multiple voltages. The system and methods set A ■ j- * .i_ / j i* j-^ , 

c l * cc i j ci »i_ j parameters indicate the preferred voltage difference between 

forth herein effectively and safely manage the power needs f, Tt / ^ * .. ™ 

c t . , ^ . i ■ t - r i^i v the voltage rampuig of two or more power supplies. The 

or an entire electronic system consisting oi multiple circuit 4 - , u ° . i * • * .u 5? j «• 

i t t , , , z. , r time delta control parameters indicates the preferred time 

loads. It accomplishes this by using multiple programmable . r 

t . r j & r r & difference between turn-on of two or more power supplies, 

power supplies. ™, , 

The power system controller has the ability to resolve 

SUMMARY OF THE INVENTION power-on requirement conflicts. Using the specified desired 

power requirements, the power system controller determines 

Modem electronic systems have a need for a power the existence of any power conflicts. Before power is 

supply system made up of multiple voltages. These power 40 transmitted through the power bus, the power conflict must 

supplies provide power to a variety of different components be resolved. Once the power system controller has ensured 

within the electronic system. From time to time, various the absence of conflicts, it provides each power supply the 

components of the electronic systems may be redesigned, necessary information to power any attached electronic 

which may result in a change in that component's power circuit or module. The power supply controller communi- 

supply requirements. When this happens, the power supply 45 cates with the power supplies via the power control bus. If 

system must be redesigned to accommodate the new power an unresolvable conflict exists, the power system controller 

requirements. The system and methods described herein are preferably causes a message to be sent to an operator 

designed to provide a cost efficient electronic power supply indicating the presence of an unresolved power requirement 

system that is flexible enough to handle a range of supported conflict. 

electronic circuit loads without requiring redesign of the 50 A me thod for an electronic power supply system adap- 

power supply system. The electronic power supply system tivcly configuring the power applied to one or more elec- 

adaptively configures the power applied to electronic circuit trical circuit loads is also provided. The method includes the 

loads, thereby eliminating redesign of the power supply steps 0 f detecting the presence of electronic circuits, deter- 

system when a newly developed or different electronic mining power supply requirement parameters, examining 

circuits are implemented. 55 power supply requirement parameters of each electronic 

The electronic power supply system preferably includes a circuit for power conflicts, and programming power supplies 

power system controller, multiple programmable power to provide requested power-on requirements of each elec- 

supplies, a power bus for distributing power to the electronic tronic circuit if no conflict exists. Another aspect of the 

circuits, a power control bus, a communication bus, and a system is the electronic modules for use in the adaptable 

plurality of electronic circuit loads. The power supply sys- 60 power supply system. The module includes a module con- 

tem applies power to the power bus via the power supplies nection interface, a plurality of electronic circuit loads, a 

when each of the electronic circuit loads have compatible communication bus interface adapted for communicating 

power requirements. The electronic circuit loads provide the with a power supply controller, a memory device for storing 

power system controller with the electronic circuit load a data structure, where the data structure includes fields to 

power requirements via a communication bus. The power 65 store power supply requirement parameters such as at least 

system controller sends commands to the power supplies one voltage identifier parameter, at least one module iden- 

over the power control bus. tificatlon parameter, at least one power-on sequence 
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parameter, at least one delta voltage parameter, at least one 
time delta control parameter. The memory device can be a 
storage register, a manually configurable DIP switch, or a 
random access memory having an integrated communica- 
tion bus, such as an I 2 C bus. 

The foregoing and other features and advantages of a 
preferred embodiment of the present invention will be more 
readily apparent from the following detailed description. 
The detailed description proceeds with references to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention are 
described with reference to the following drawings, 
wherein: 

FIG. 1 is a block diagram illustrating an electronic power 
supply system; 

FIG. 2 is a simplified circuit model illustrating a buck 
converter; 

FIG. 3 is a block diagram illustrating controller signals; 

FIG. 4 is a voltage plot illustrating an exemplary use of a 
voltage delta control parameter; 

FIG. 5 is voltage plot illustrating an exemplary use of 
power-on requirements; 

FIG. 6 is a block diagram illustrating an exemplary 
communication system; 

FIG. 7 is a block diagram illustrating an exemplary power 
control bus; and 

FIG. 8 is a block diagram illustrating an exemplary power 
subsystem. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

As shown in FIG. 1, an electronic power supply system 2 
preferably includes a power system controller 4, at least two 
power supplies 6, a power bus 8, a power control bus 14, a 
communication bus 12, and one or more electronic modules 
10. 

The modules 10 may actually be physically distributed 
throughout a device chassis, board, or device. Preferably, the 
modules 10 are circuit loads that reside on a common board, 
package or assembly, and may be a single circuit with 
multiple voltage requirements, or may be multiple circuits or 
subsystems. In a preferred embodiment the modules 10 are 
preferably of a plug- in type, allowing for easy substitution 
or replacement on the baseboard on which the power sup- 
plies 6 preferably also reside. The circuit modules 10 may 
have a number of different functions, designs and layouts. 
Some examples are communication modules such as 
modems (one or more V.90, V.34 or the like, modems per 
module), network interface modules (Ethernet, token ring, 
ATM, SONET, etc.), signal processing modules such as used 
for compression (V.42bis, MPEG, G.729, G.711, G.723), 
encryption (1PSEC), or High-level data link control 
(HDLC). Preferably, all of these modules 10 may be plugged 
into a commonly designed baseboard. All of the modules 10, 
or differing subsets of the modules 10 may be designed for 
compatibility for simultaneous use on a single baseboard. 
For simplicity, the term module as used herein refers to all 
such combinations of circuit loads, electronic circuits, sub- 
systems and modules described above. 

Preferably, the power supplies 6 and power system con- 
troller 4 reside on the same board with a plurality of the 
modules 10, but this configuration is one preferred configu- 
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ration among many possible uses the programmable intel- 
ligent power supply system described herein. For example, 
the power supply system described herein may just as easily 
be used to control the voltages within a single board or 

5 device to accommodate component or module changes, or 
alternatively, within a system having a plurality of circuit 
cards, where each card may have different power require- 
ments or where changes to the circuits or components on a 
card may result in changed power requirements. 

10 As shown in FIG. 1, power is applied to power system 
controller 4 from a backplane 3. Typically, the backplane 3 
is a device that provides power to multiple electronic 
devices, an example of which is an electronic board having 
sockets into which additional electronic devices (e.g., a 

15 baseboard) can be plugged into. A voltage from backplane 3 
typically remains at a constant voltage (i.e., fixed output) 
with regard to ground. A system (e.g., a system powered by 
electronic power supply system 2) typically assumes the 
backplane 3 is capable of supplying enough power to the 

20 system (i.e., the board) such that the system 2 performs its 
function as intended. 

Power system controller 4 controls one or more power 
supplies 6, and causes them to provide power when each of 
the modules 10 have compatible power requirements. The 

25 power bus 8 has multiple conductors for supplying power to 
modules 10 from the power supplies 6. Each power supply 
6 has an output connected to at least one of the conducting 
lines. The number of conductors depends on the overall 
system requirements, and may include extra conductors for 

30 redundancy or for future expansion. As shown in FIG. 1, the 
power bus 8 includes four conductors. 

Electronic circuit modules 10 attached to the power bus 8 
have certain power-on requirements, and the power bus 8 
supplies power to modules 10 in accordance with their 

35 power-on requirements. The requirements may include 
voltage, power sequencing, voltage ramping, power 
consumption, and the like. The controller 4 corresponds with 
each module on a communication bus 12. Information 
transmitted between the power system controller 4 and each 

40 module 10 provides the power system controller 4 with 
desired power requirements for each module 10. 

The power system controller 4 communicates with each 
power supply 6 on a power control bus 14. Information 
transmitted between the power system controller 4 and each 

45 power supply 6 provides each power supply 6 data to power 
any attached electronic circuit 10. 

Exemplary Power Supplies of the Preferred Embodiment 

The power supplies 6 (programmable regulators) may 
take many forms, from a simple zener diode to sophisticated 

50 switching power supplies. Typically, the power supplies 6 
are direct current to direct current ("dc-dc") converters, and 
convert the power obtained from the backplane 3 to a desired 
output voltage. Power supplies 6 can have a fixed output or 
can be programmed to supply a fixed output within a given 

55 range of voltages. All of the various power supplies 6 
preferably have an enable input to control their on/off status. 
This may be used to control the sequence in which the power 
supplies are turned on. In addition, some or all of the power 
supplies 6 preferably have a control input that is used to 

60 control the output voltage applied to power bus 8. The 
control input may be used to control power-on sequencing, 
rise time (i.e., ramping) or used to maintain a preferred 
voltage difference between its output and another power 
supply 6 output. 

65 In one preferred embodiment, a set of power supplies 6 in 
electronic system 2 include a power supply having a non- 
programmable linear converter and at least one power 
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supply having a programmable converter. The converters 
typically comprise voltage-to-current and current-to-voltage 
converters, such as a buck and boost converters, although 
other converters can be used. Buck converters, sometimes 
referred to as a "buck regulator*', a "step-down" converter, 
or a "forward" converter, aie used in a wide range of 
electronic circuit applications. The output voltage is inde- 
pendent of the load (e.g., an electronic circuit is the load). 

A simplified model of a buck converter 19 is illustrated in 
FIG. 2. The simplified model contains a switching device 
(e.g., a MOSFET) 22, a diode 24, and an inductor 26, 
although more or less components can be used to condition 
the signal. The output voltage 28 of a buck converter 19 is 
controlled by the frequency of a switching device 22 (i.e., 
turn switch on, off . . .on). On average, the output voltage 
28 is determined by a duty ratio. The duty ratio can be 
between 0% and 100%. Meaning at a 0% duty ratio, the 
output voltage 28 is zero volts and at a 100% duty ratio, the 
output voltage 28 is equal to the input voltage 20. Thus, the 
output voltage 28 is a variation of the duty ratio and the input 
voltage 20. A non-programmable power supply 6 has a fixed 
duty ratio, so the output voltage 28 is held at a fixed voltage. 
For example, Linear Technology has developed a buck 
regulator, LTC 1430 Synchronous Step-Down Regulator, 
that with an input voltage 20 of 5 volts can produce a fixed 
output voltage 28 of 3.3 volts. Other suitable DC-DC 
converting power supplies may be found in The Electronics 
Handbook, CRC Press, ed. Jerry Whitaker, 1996, pages 
991-1002. 

A programmable power supply 6 may contain a device 
that can increase and decrease the duty ratio, thereby chang- 
ing the output voltage 28 of the regulator 6. Although 
programmable power supplies 6 follow similar principles of 
the buck converter, the device, components or method of the 
programmable regulator 6 may be different. For example, 
Unitrode has developed an Average Current Mode Synchro- 
nous Controller with 5-Bit DAC ("Digital to Analog 
Converter"). The DAC output voltage is directly related with 
Intel's 5-bit VID ("Voltage Identification") code that can 
output 1.3 volts to 2.05 volts in 50 milli-volt increments and 
2.1 volts to 3.5 volts in 100 milli-volt increments. The 
Unitrode chip is intended to power the Pentium® II or a 
similar processor. 

The VID supports voltage specification variations on 
Pentium® processors. The Unitrode DAC, for example, is 
programmed according to Table 1, where for a given Digital 
Command, the power supply regulates output with the 
corresponding Command Voltage. 

TABLE 1 



Programming the Command Voltage for the UCC3882 



Digital Command 
D4 D3 D2 Dl DO 


Command 
Voltage 


Digital Command 
D4 D3 D2 Dl DO 


Command 
Voltage 


01111 


130 


11111 


2.00 


oino 


135 


11110 


2.10 


01101 


1.40 


11101 


2.20 


01100 


1.45 


31100 


230 


01011 


1.50 


11011 


2.40 


01010 


1.55 


11010 


2.50 


01001 


1.60 


11001 


2.60 


01000 


1.65 


11000 


2.70 


00111 


1.70 


10111 


2.80 


00110 


1.75 


10110 


2.90 


00101 


1.80 


10101 


3.00 


00100 


1.85 


10100 


3.10 


00011 


1.90 


10011 


3.20 


00010 


155 


10010 


330 
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TABLE 1-continued 



5 



Proerammine the Command Voltage for the UCC3882 


Digital Command 


Command 


Digital Command 


Command 


D4 D3 D2 Dl DO 


Voltage 


D4 D3 D2 Dl DO 


Voltage 


00001 


2.00 


10001 


3.40 


00000 


2.05 


10000 


3.50 



10 

In one preferred embodiment of the present invention, the 
module 10 is a communication module that uses a plurality 
of power supplies 6, including a 5-volt non-programmable 
power supply, a 3.3 volt non-programmable power supply, 

15 two programmable power supplies, and one linear regulator- 
based power supply. 
Exemplary Controller Signals 

The control input 7 to a given power supply 6 may be a 
control voltage, but typically is a digital input, such as the 
5-bit VID format. The particular type of control input 

20 depends largely on the particular design of the power supply 
6. Typical power supplies may use zener diodes, voltage 
dividers, or DC-DC converters, as described above. Thus, 
the various power supplies 6 may include digitally- 
programmable potentiometers, DACs, or switching power 

25 supply controllers having integrated DACs, or the like. The 
system described herein is preferably under the control of 
power system controller 4, which may have digital as well 
as analog outputs to control the power supplies 6. 

In one preferred embodiment of power system controller 

30 4 shown in FIG. 3, power system controller 4 has various 
input and output lines to manage the electronic power supply 
system. Preferably, the input and output lines are 
bi-directional communication bus 12 leading to modules 10, 
a uni-directional power control bus 14 leading to power 

35 supplies 6, an input power line 34, a reset input 30 from a 
soft-start circuit, a Power Good input 32 from power 
supplies, a power enable 38 to the power supplies, and a 
reset output 36 leading to the power supplies 6. Note that 
power enable line 38 and power good line 32 may be 

40 multiple conductors or a suitable bus architecture to accom- 
modate the multiple power supplies 6. Alternatively, the 
enable control and the power good feedback may be pro- 
vided over communication bus 12. Preferably, however, 
dedicated lines are utilized to avoid the circuitry overhead 

45 associated with communication bus 12 access. 

The bi-directional communication bus 12 is preferably a 
set of conducting lines providing information such as mod- 
ule 10 identification and/or power requirements to the power 
system controller 4. However, the present invention is not 

50 limited to a communication bus 12 comprised of a set of 
conducting lines, but rather any communication and/or data 
bus 12 that can pass necessary information, as is described 
in subsequent sections, between the power system controller 
4 and the electronic circuit/module 10. 

55 The power control bus 14 provides power-on information 
to the power supplies 6, such as an indication of voltage 
level for each power supply 6 and turn-on sequence corre- 
sponding to each power supply 6. The power control bus 14 
comprises a set conducting lines. The present invention is 

60 not limited to a power control bus 14 comprised of a set of 
conducting lines, but rather any suitable data bus 14 that can 
transmit the necessary information, as is described herein, 
between the power system controller 4 and the power 
supplies 6. Indeed, the power control bus 14 and the com- 

65 munication bus 12 may be implemented as a single bus. The 
power input 34, typically from a backplane 3, provides 
power to the power system controller 4. In an alternative 
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embodiment, the programmable power supplies 6 may be set 
manually through the use of DIP (Dual Inline Package) 
switches or by hardwiring. The power system controller 4 is 
then also manually updated with the present power supply 6 
configuration information (via software/firmware 5 
modification, or setting similar DIP switches connected to 
the power supply controller 4). In this manner, the electronic 
power control system 2 may still utilize other aspects of the 
invention such as module 10 identification, power require- 
ment conflict checking, power-on sequencing (via enable 10 
lines 38), power good monitoring and fault reporting, etc. 

The reset input 30, typically from a soft-start controller 
such as the LTC®1422 Hot Swap™ controller generates a 
system reset when the supply voltage (e.g., backplane 
voltage) falls below a programmable voltage. The Power 15 
Good input 32 from a power supply 6 transmits to the power 
system controller 4 an input logic signal, thereby making the 
power system controller 4 aware that the power supply 6 
output has risen above or fallen below the desired output 
voltage. The reset output 36, from the power system con- 20 
troller 4 to the power supply 6, allows the power system 
controller 4 to reset each power supply 6. 
Exemplary Power System Controller 

In a preferred embodiment, the power system controller 4 
is a microprocessor. The microprocessor is preferably sup- 25 
ported by a read-only memory ("ROM") device and/or 
RAM containing software code to implement to the control 
system features. The software may be supplied and/or 
upgraded by various means, including by ROM or other 
computer-readable storage medium containing program 30 
instructions, or by on-line software downloads if the device 
utilizing power system 2 is equipped with suitable commu- 
nication channels and a protocol stack such as SNMP over 
IP. The file may also be transferred using FTP or TFTP, 
which may also be encapsulated in TCP, UDP, or the like. 35 

The power system controller 4 may also be implemented 
in hardware via programmable logic device ("PLD"), Field 
Programmable Gate Array (FPGA) and/or logic gate(s) and 
sequential logic circuits that manage the electronic power 
supply system 2. In general, the power system controller 4 40 
preferably ensures the modules 10 operate in a safe and 
proper fashion, and may include one or more functions such 
as module 10 presence detection, module 10 identification, 
power supply 6 voltage programming, power supply 6 
power sequencing, power supply 6 voltage ramp control, 45 
module 10 power requirement conflict resolution and power 
supply 6 reset control. 

In one preferred embodiment of the present invention, the 
power system controller 4 performs detection of modules 
10. Module 10 detection is preferably detected through 50 
communications bus 12. Thus communications bus 12 may 
be an Inter Integrated Circuit bus ("I 2 C" bus) 12. The I 2 C 
bus format was created by Philips Semiconductors and 
consists of 2 active wires and a ground connection. The 
active wires, Serial Data line ("SDA") and Serial Clock line 55 
("SCL"), are both bi-directional. Each component (e.g., 
electronic circuit 10) connected to the communication bus 
12 has a unique address. Furthermore there may be one or 
more BUS MASTER. The BUS MASTER is a chip issuing 
commands on the power control bus 12. The I 2 C protocol 60 
specification states that the device (e.g., power system 
controller 4) initiating a data transfer on the power control 
bus 12 is considered the BUS MASTER. Meanwhile, all the 
other devices (e.g., modules 10) are considered SLAVE'S. 
The I 2 C communication bus 12 is a Multi-MASTER BUS, 65 
meaning more than one device that is capable of initiating 
data transfer can be connected to the communication bus 12. 



Pull-down resistors are placed on the I 2 C communication 
bus 12 lines. If the electronic circuit 10 is not present, the I 2 C 
bus 12 state is logic 0, and the controller 4 recognizes that 
a module 10 is not present. However, if the module 10 is 
present, the I 2 C bus 12 is pulled up, and the I 2 C bus state 12 
is logic 1, indicating module 10 presence. 

In one preferred embodiment of the present invention, 
power system controller 4 determines the power supply 
requirement parameters by first obtaining one or more 
module identification parameters from the modules 10. The 
controller 4 may then look up the corresponding power 
supply requirement parameters in a lookup table located on 
a ROM, for example, or in system RAM. Alternatively, the 
power system controller 4 may retrieve power supply 
requirement parameters for each attached electronic circuit 
or module 10 using communications bus 12, such as an I 2 C 
bus discussed above. Power supply requirements provide the 
power system controller 4 with power-on requirements of 
each electronic circuit or module 10 attached to power bus 
8. Thus, power supply requirement parameters may be 
determined from the module identification parameter corre- 
sponding to each attached module 10 or may be provided 
directly by the modules 10. 

In a preferred embodiment of the present invention, a 
controller 4 obtains power-on requirements corresponding to 
each attached electronic circuit 10. The power-on require- 
ments provide the controller 4 with enough information to 
power the electronic circuit 10, such as a module identifi- 
cation number, voltage control parameter, turn-on sequenc- 
ing control parameter, voltage delta control parameter, and 
a time delta control parameter. 

In a preferred embodiment of the present invention, a 
voltage control parameter indicates the preferred rail voltage 
(i.e., max voltage requested by a module 10) of a electronic 
circuit 10 per conducting line within a bus 8. 

In a preferred embodiment of the present invention, a time 
delta control parameter indicates the preferred time differ- 
ence between turn-on of at least two power supplies 6. That 
is, a first power supply 6 turns on, then a second power 
supply 6 may have to wait to turn on for a period of time 
given by the time delta control parameter. For example, an 
electronic module that utilizes four separate voltages, vl, v2, 
v3, and v4, may require power from v3, then from vl, from 
v2, and finally from v4. Thus, the turn on order for that 
particular electronic module is the power supplies 6corre- 
sponding to (v3), (vl), (v2), (v4). The sequencing param- 
eters are used to specify the particular turn-on sequencing. 
The required sequencing may be achieved by use of enable 
outputs 38 of power system controller 4, or by providing 
VID information to power supplies 6 in the desired sequence 
over power control bus 14. 

In a further preferred embodiment of the present 
invention, voltage delta control parameters indicate the 
preferred voltage difference between at least two electronic 
circuits or modules 10. For example, if one module 10 
requires four separate voltages, VI, V2, V3, and V4, it may 
also specify that VI and V3 are to ramp up to a predeter- 
mined rail voltage with a constant voltage differential 
between them (VI and V3 rail voltage are equal in this 
example for simplicity). Either by additional specific param- 
eters or by the lack thereof, the module 10 indicates that it 
does not matter how V3 and V4 are applied. Referring to 
FIG. 4, the voltages VI (50) and V3 (52) as seen by the 
circuit load, maintain a differential voltage of 0.7 volts (51), 
assuming the regulator increments the voltage in 0.13 volts. 
The control of the delta voltage is accomplished by stepping 
the VID values to the appropriate power supplies 6 over the 
power control bus 14 in an appropriate manner. 
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In another mode of operation, all power-on requirements, range of V1-V2, then an un-resolvable conflict is present, 
such as a voltage control parameter, turn-on sequencing and power system controller 4 reports an error condition, 
control parameter, voltage delta control parameter, and a This is preferably done via the baseboard components 18 
time delta control parameter are used together. For instance, which include overall board management functions, 
module 10, by way of its parameters (obtained directly form 5 Specifically, this preferably includes an SNMP agent or 
the module 10 or by way of lookup), may require four similar communication service that communicates to a net- 
voltages VI, V2, V3, and V4, a turn-on order of V2, VI, V3 work manager. 

and V4, and further require that V2 and V3 must maintain t ! ° a . embodiment where the power supplies 6 are 

a 0.3 volt differential and that V4 must wait seven milli- hardwired and power system controller 4 is mformed of the 

seconds to turn on after V2 turns on. FIG. 5 is a plot of the 10 fi d «* nbed ab ° ve - th h e modu J c }J >dentifica- 

four voltages VI (54), V2 (56), V3 (58), and V4 (60) as seen iim t mus l be * e ""^ for each mod ,^ e * 0, and m , us ' 

u .i. 5 , ,/« xi . -i- ..u i i. II .<• match the configuration of the power supplies 6 as specified 

by the module 10. Note that the rail voltages are all equal for b g detennined wer j configuration parameter, 

sunphcity. FIG SB demonstrates the 0.3 volt difiFerenUal , n Ms embodimeDt , tb e power system controller is unable to 

(61) between V2 (56) and V3 (58) and a seven milli-second „-„i„- „„„fi;„.e „ n .4 „„ „ , „^„„„„ 

. . , , \, , resolve any conflicts and simply generates an error message 

time differenual (62) between V4 (60) and V2 (56). Clearly, 15 ^ described above 

this is but one example, and other combinations of power ^ E k Communication System of the Preferred 

requirements can exist. Embodiment 

In a further preferred embodiment of the electronic power FIQ fi refcrs tQ , Mock di m^n^ an cxcmp i ary 

supply system, power system controller 4 resolves power-on communicatioa system 64 of aD emb odiment comprising a 

requirement conflicts. Using information from the electromc 20 ffl matIo]let 4> modules 10> a param e te r register 

circuits 10, such as power supply requirement parameters, % & boafd ^ detcction drcui u 

and a communi- 

the power controUer 4 checks to see if conflicts exist. The ca , ion bug u Data js Uliasmitted between me modules 10 

power system controUer 4 determines conflict resolution by and r m 4 

across the communication 

companngmepowersupplyrequu-ementpffametersofeach bus u ^ transmitted data comprises supply 

module 10 attached to power bus 8. Before power is 25 requirementparameters and board presence detection signal, 

transmitted through power bus 8, the power conflict must be , n Qne em5odiment of me ferred mventioa> each 

^Ai?/\lf id/1 A 



module 10 possesses information regarding power supply 



resolved. 

Power supply requirement parameters comprise a voltage ^ each electronic possesse 7at 

control parameter tumon sequencing control parameter ^ one tef ^ „ ^ tef re ^ ler „ caQ 

voltage delta control parameter, and a time delta control 30 s , ore , he j requirement parameters) staticaUy, 

parameter. These parameters or a subset thereof are exam- dynamically and/or hard ^ (e . g using a combination of 

ined to determine compatibility of the modules 10. As an ive and/of actiye devkes) FIG. 6 illustrates a block 

exemple, module 10A referred to herein for clarity as di ^ a moduk 1Q mdudi Qnc j 

"MA , and module 10 B ( MB ) are attached to power bus requiremenl parameter register 9 . It g mer6 ibre prefe 1 ^ 

8. Power system controUer 4 obtains the power supply 35 , hat p]ugab i 6 modules 10 contain a register or other s uitable 

requirements from each or MA and MB. lUe power system m devke such 

as an I 2 C compatible RAM that is able 

controUer 4 proceeds to determine if a power conflict exists )0 stofe , suitabk data stnlcture havc modme id< . ntification 

by compaxmg relating requirements from both MA and MB. ind/or KqaitcmeDt parame ters. 

In this example, MA requests 3 separate voltages and MB AUached , 0 each fflodule 10 is a communication bus tf. 

requests 4 separate voltages, and three of the MB voltage 40 In 0Qe embodiment of me ferred inven tion, the commu- 

requirements e.g., voltage control parameter, turn-on nication hvsUisan Pc bus 12. The bus 12 aUows for 

sequencing, voltage delta control parameter and time delta Ulms!lciioa of mformation between the module 10 and 

control parameter) are equal to that of MA. Furthermore, 4 ^ oowmailM ^ bus u 

MA has a don t care for the fourth voltage line, meaning ; „ ■ ^ • „ „ . a _ ^ „ r _ , 

, _ 6 * & transmits lntormation such as one or more power supply 



it will not use the fourth voltage. The power system con- 



requirement parameters. 



troUer4doesnotfind a conflict and car. proceed topowerup , n m { embodiment of the present invention, a 
tue modules In the event mat MB voltage requirements do module nunjber 

or module ID, shown in Table 2 provides 
not equal MA voltage requirements, the controller would not mformatioQ used to identify me module 

proceed to power up the modules 10. Jnd , he w£r , requirement parameters, within an 

In an alternative embodiment of the system 2, power 50 electronic power supply system 2 having two programmable 

s^temcontroUer4resolvesr«wer^nreqmrementconflicts. regulators 6 and ^ non -programmable regulators 6. 

Before power is transmitted through power bus 8, the power 

conflict must be resolved. Using information from the elec- TABLE 2 

tronic circuit 10, such as power supply requirement 

parameters, the power system controller 4 first determines 55 Exemplary format of a module number 

power conflicts. In this embodiment, the modules 10 may 
specify a range for the required voltage rails. This may be 

due to the ability of the particular components to utilize a MSB — — 

range of voltages, or because the module 10 has a further Mod id vidi VTD2 pro ps n tiu T2 T2U 
voltage converter available to modify the voltage supplied 60 
by a particular power supply 6. In the case where one 
module 10 specifies a voltage range, say V1-V2, on a 
particular line of power bus 8 and another module 10 Mod ID is a logic number (e.g., 8-bit word in Table 2) that 
specifies a specific voltage, say V3, where V3 is within the serves as a module identification for each module 10. This 
V1-V2 range on the same line, a potential conflict will be 65 number can be used to identify a specific module and/or to 
resolved by programming the particular power supply to identify board presence. VIDI & VID2 are 5 -bit words 
supply voltage V3. Of course, if voltage V3 is outside the representing rail voltages for two programmable power 



8- bit 5-bit 5-bit 3-bit 1-bit 7-bit 1-bit 7-bit 1-bit 
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supplies. The format for VI D correlate to the VRM standard 
as shown in Table 1. PRO is a 3-bit word representing the 
turn-on sequencing control parameter. A 3-bit word provides 
enough information to provide turn-on sequencing for four 
power supplies. Table 3 decodes the turn-on sequencing 5 
control parameter relating to the four available power sup- 
plies 6. 

TABLE 3 



PRO SEQUENCING OF POWER SUPPLIES 



MSB 




LSB 


PS 1 


PS 2 


PS 3 


0 


0 


0 


0 


0 


0 


0 


0 


1 


3 


2 


1 


0 


1 


0 


1 


3 


2 


0 


1 


1 


3 


1 


2 


1 


0 


0 


1 


2 


3 


1 


0 


1 


2 


1 


3 


1 


1 


0 


2 


3 


1 


1 


1 


1 


0 


0 


0 



20 



PS is a 1 bit word representing the power up scheme. 
When set (i.e., logic 1) the controller 4 will use T1U and 
T2U as a time delta control parameter. If clear (i.e., logic 0), 
then the controller 4 will use VM1 and VM2 as voltage 
deltas between power rails. VM1 represents the allowable 25 
voltage delta between ramp order 1 and 2 (e.g., power 
supply 1 and power supply 2). VM2 represents the allowable 
voltage delta between ramp order 2 and 3 (e.g., power 
supply 2 and power supply 3), 

Tl an T2 are each a 7-bit number representing a time to 30 
wait between enabling power supplies. Tl represents the 
time between ramp 1 and ramp 2 (e.g., power supply 1 and 
power supply). T2 represents the time between ramp 2 and 
ramp 3 (e.g., power supply 2 and power supply 3). T1U and 
T2U represent the units of Tl and T2, such as if T1U is logic 35 
1 then Tl has units in milli-seconds and T1U is logic 0 then 
Tl has units in nao-seconds. 
Power Control Bus of the Present Invention 

FIG. 7 represents a block diagram illustrating the power 
control bus 14 in connection from the controller 4 to the 40 
regulators 10. In the preferred embodiment, the power 
control bus 14 comprises conducting lines. Each mod line 70 
transmits a 5-bit module number. The parameter register 66 
obtains power from a 5 -volt bus, where the parameter 
register provides the controller 4 a module number using I 2 C 45 
protocol. 

After startup, the backplane 3 provides power to the 
parameter register 9 corresponding to each module 10. The 
power system controller 4 determines the power require- 
ments of a module 10 through the I 2 C communication bus 50 
12. The power system controller 4 transmits a 5-bit module 
number corresponding to the module 10 power requirements 
to each power supply 6. 

Before each power supply 6 can supply power to power 
bus 8, the power system controller 4 sends an enable signal 55 
on an enable line (i.e., any suitable electrical conduction 
line) 72 to each supply. Note that the enable lines may be 
incorporated into power control bus 14. When a power 
supply 6receives an enable signal from the power system 
controller 4, power is applied to the power bus 8. 60 
Power Subsystem of the Present Invention 

FIG. 8 is a block diagram illustrating an exemplary power 
subsystem 74 of the preferred embodiment comprising a 
backplane 3, a soft-start circuit 76, power system controller 
4, and power supply 6. The main power is provided by a 65 
5-volt backplane 3 to a soft-start circuit 76, such as the 
LTC® 1422 Hot Swap™ controller from Linear Technology. 
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The LTC® 1422 is an 8-pin, Hot Swap™ controller that 
allows a board to be safely inserted and removed from a live 
backplane 3. The board supply voltage can be ramped up at 
a programmable rate. Supply voltages range from 2.7V to 
12V. A programmable electronic circuit breaker protects 
against shorts. The RESET output can be used to generate a 
system reset when the supply voltage falls below a program- 
mable voltage. The ON pin can be used to cycle the board 
power or to generate a soft reset. 

Power from the soft start circuit 76 provides power to the 
power system controller 4, power requirement parameter 
register 9, board detection 11, and the power supplies 6. The 
power supplies 6, however, cannot provide power to mod- 
ules 10 until enabled by the power system controller 4. The 
power system controller 4 handles all enables and reset 
control for each power supply 6. Once the power supplies 6 
are enabled (i.e., after any power conflicts are resolved), 
power is applied to power bus 8 and baseboard components 
18. The controller sets the order in which the 3.3-volt power 
supply 6 and the two programmable power supplies 6 turn 
on. The modules 10 are powered by a 5-volt backplane 3, the 
3.3-volt supply 6 and two programmable power supplies 6. 
The baseboard components 18 are powered from the 3.3- 
volt common power supply 6. 
Power Budget 

Each electronic circuit or module 10 and the baseboard 
components 18 have a power budget that must be main- 
tained to protect the circuitry from potential current leakage 
and damage. The power rail budget is applied from each 
power supply 6 as well as an overall power budget. The 
overall power budget is present in order to make sure the 
thermal design specifications of the system 2 are met. Power 
rail budgets are present in order to ensure that the regulators 
6 are not overdriven. 

The overall power usage must be investigated to ensure 
that the total power can be dissipated within the chassis, and 
the backplane 3 is capable of delivering enough power to the 
board. The communication module 10 design must be evalu- 
ated to ensure that any of the power supplies are not 
overdriven. The baseboard power must also be examined for 
power usage. 

A Method for Adaptive ly Configuring Power Applied to an 
Electronic Circuit 

In one preferred embodiment of the present invention, a 
method for an electronic power supply system adaptively 
configuring the power applied to one or more modules 10 
comprise the steps of detecting modules 10, determining 
power supply requirement parameters, examining power 
supply requirement parameters of each module 10 for power 
conflicts, programming power supplies 6 to provide power 
in accordance with requested power-on requirements. 

In one preferred method of the present invention, the 
power system controller 4 detects electronic circuit 10 
through an I 2 C communication bus 12. Pull-down resistors 
are placed on the I 2 C bus 12 lines. If the electronic circuit 
10 is not present, the I 2 C bus 12 state is logic 0, and the 
controller recognizes an electric circuit is not present. If the 
module is present the I 2 C bus 12 is be pulled up, thus the I 2 C 
bus 12 state is logic 1, distinguishing electronic circuit 
presence. 

In an alternate method of the present invention, the 
communication module detects electronic circuit 10 pres- 
ence through an I 2 C communication bus 12. Using an I 2 C 
bus 12 and I 2 C protocol, a power system controller 4 
communicates with a module 10. The power system con- 
troller 4 queries the module 10 wherein, if the module 10 
does not reply, the power system controller 4 interprets the 
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lack of response as the absence of module 10. If the module 7. The electronic power supply system of claim 1, com- 

10 does reply, the power system controller 4 detects the prising parameter registers associated with each one of said 

presence of module 10. at least one module. 

In an alternate method of the present invention, the power 8. The electronic power supply system as claimed in claim 
system controller 4 detects module 10 using an I 2 C bus 12. 5 1, wherein said power supply requirement parameters corn- 
Using an I 2 C bus 12 and I 2 C protocol, a controller 4 prise at least one voltage control requirement indicating the 
communicates with a module 10. When the module 10 is preferred voltage level of at least one of said plurality of 
attached, the module 10 broadcasts a message on the com- power supplies. 

munication bus 12 wherein the power system controller 4 9. The electronic power supply system as claimed in claim 

receives the broadcast realizing the module 10 is present. 1Q 1, wherein said power supply requirement parameters com- 

In one preferred method of the present invention, power prise at least one turn-on sequencing control requirement 

system controller 4 determines power supply requirement that indicates a turn-on order of at least two of said plurality 

parameters through a communication bus 12. The power power supplies. 

supply requirements provides the power system controller 4 10 - n * electronic power supply system as claimed in 

with power-on requirements corresponding to each attached . claim wherein said power supply requirement parameters 

communication module 10. The power-on requirements 15 ™™P™ a voltage delta control requirement that specifies a 

provide the power system controller 4 with enough infer- Pf eferred vo , Ua S e ^rence between at least two of said 

mation to configure the power supplies 6, such as a voltage P 1 ™ 1 ^ 5 su PP hes " , f , . , . 

. , 7 . ' . . 11. The electronic power supply system as claimed in 

control parameter turn-on sequencing control parameter ^ j wherein ^ £ wcf sup H p y r6 4 uir6mcnt parametcrs 

voltage delta control parameter, and a time delta control 2Q comprise a module idenliflcati £, £ ara M me ter. 

parameter. . A . 12. The electronic power supply system as claimed in 
In an alternate method, power system controller 4 deter- cUim u uprising a look-up table containing 
mines power supply requirements. Each module 10 provides additional power supply requirement parameters, and 
the power system controller 4 with a module identification wherein said controller retrieves said additional power sup- 
number. The power system controller 4 determines power 25 p i y requirement parameters based upon said module iden- 
supply requirements using a module identification number tification parameter. 

and a storage device (e.g., memory device) containing a 13. The electronic power supply system as claimed in 

table of power-on requirements relating to module identifi- claim 12 wherein said additional power supply requirement 

cation numbers. parameters comprise voltage requirements for said at least 

We claim: 3Q one module. 

1. An electronic power supply system for adaptively 14. The electronic power supply system as claimed in 
configuring power applied to a plurality of electronic claim 12 wherein said additional power supply requirement 
circuits, said system comprising: parameters comprise at least one voltage control require- 

a power bus; ment indicating the preferred voltage level of at least one of 

at least one module connected to said power bus; 35 said plurality of power supplies. 

a plurality of power supplies connected to said power bus, 15 - ^ electronic P ower supply system as claimed in 

wherein at least one of said plurality of power supplies claim n wherein said additional power supply requirement 

is a programmable power supply, and wherein said parameters comprise at least one turn-on sequencing control 

plurality of power supplies provides power to said at requirement that indicates a turn-on order of at least two of 

least one module; and 40 said plurality of power supplies. 

a power supply controller coupled to said plurality of , 16 * ™ e electronic power supply system as claimed in 

power supplies and coupled to said at least one module, claun 12 wherem S!ud additional power supply requirement 

wherein said power supply controller retrieves power Parameters comprise a voltage delta control requirement that 

supply requirement parameters stored on said at least s P eci ?\ es * P«&ned voltage difference between at least two 

one module, and responsively programs said plurality 45 °f said plurality of P°wer supplies. 

of power supplies and wherein said power supply , 17 * ™ e electronic power supply system as claimed in 

controller ensures that no power requirements conflicts claim 12 wherein said additional power supply requirement 

are present parameters comprise a time delta control requirement that 

2. The electronic power supply system as claimed in claim f P ccifics a Preferred time difference between turn-on of at 

1, wherein said power bus comprises a plurality of config- 50 least two of said plurahty of power supphes. 

urable electrical conductors, each said conductor connected 18. A method for an electronic power supply system to 

to one of said plurality of power supplies, and wherein said ada Ptively configure power applied to a plurality of elec- 

at least one module receives power from said plurality of tromc circuits > 531(1 method comprising: 

said conductors. detecting presence of at least one module; 

3. The electronic power supply system as claimed in claim 55 retrieving power supply requirement parameters stored on 

2, wherein said power supply requirement parameters com- at l cast one module; 

prise voltage requirements for said at least one module. examining the power supply requirement parameters for 

4. The electronic power supply system of claim 1 wherein power requirement conflicts; and 

the power supply controller is coupled to said at least one programming a plurality of power supplies to voltages in 

module via an I 2 C bus. 60 accordance with the power supply requirement param- 

5. The electronic power supply system as claimed in claim eters if no conflicts exist. 

1, wherein said power supply requirement parameters com- 19. The method as claimed in claim 18, wherein the step 

prise a time delta control requirement that specifies a pre- of retrieving said power supply requirements comprises the 

ferred time difference between turn-on of at least two of said step of retrieving module identification numbers from the at 

pluralities of power supplies. 65 least one module. 

6. The electronic power supply system of claim 1, wherein 20. The method of claim 19 wherein the power supply 
the at least one module is a plug-in circuit module. requirement parameters comprise at least one turn-on 
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sequencing control requirement that indicates the desired 
turn-on order of at least two of said plurality power supplies. 

21. The method of claim 19 wherein the requirement 
parameters comprise a voltage delta control requirement that 
specifies a preferred voltage difference between at least two 5 
of said pluralities of power supplies. 

22. The method of claim 19 wherein the power supply 
requirement parameters comprise a time delta control 
requirement that specifies a preferred time difference 
between turn-on of at least two of said pluralities of power id 
supplies. 

23. The method as claimed in claim 19, wherein the step 
of determining said power supply requirements comprises 
determining the power supply requirement parameters of the 

at least one module from a lookup table based on the module 15 
identification numbers. 

24. The method of claim 19 wherein the power supply 
requirement parameters comprise at least one voltage con- 
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trol requirement indicating a preferred voltage level of at 
least one of said plurality of power supplies. 

25. The method as claimed in claim 19, wherein the step 
of retrieving said power supply requirements comprises the 
step of using the module identification number and a look up 
table to determine the power supply requirements. 

26. The method as claimed in claim 19, wherein the step 
of examining said power supply requirements comprises 
comparing the module identification numbers to a predeter- 
mined power supply configuration parameter. 

27. The method as claimed in claim 18, wherein the step 
of detecting the presence of at least one module is performed 
by use of an I 2 C bus. 

28. The method of claim 18, further comprising the step 
of monitoring a power good signal from said plurality of 
power supplies. 

* * * * * 
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